Background: Body dysmorphic disorder (BDD) is a psychiatric disorder with specific impairments in social cognition related to excessive concerns about one's appearance. Individuals with BDD have difficulty identifying emotional expressions and attribute internal factors for others' emotional expressions in self-referent (but not other-referent) scenarios. Given the role of oxytocin in regulating social approach behavior and social salience, we hypothesized that oxytocin would improve biases in emotion recognition, attributions, and threat interpretations in individuals with BDD, compared to healthy controls (HCs). This is the first study to examine the effects of oxytocin in people with BDD. 
INTRODUCTION
Individuals with body dysmorphic disorder (BDD) suffer from excessive concerns about perceived flaws in their appearance (American Psychiatric Association, 2013) . One of the hallmark features of BDD is social avoidance, which results directly from concerns that others are negatively evaluating their appearance. Experimental research has shown that BDD is associated with specific problems in social cognition. Individuals with BDD are less accurate in identifying facial expressions conveying a neutral or disgust expression (Buhlmann, McNally, Etcoff, Tuschen-Caffier, & Wilhelm, 2004) , misidentify neutral expressions as conveying anger or contempt (Buhlmann, Etcoff, & Wilhelm, 2006) , and attribute others' emotional expressions more often to themselves (internal attributions) than to the situation (external attributions) (Buhlmann et al., 2006) . People with BDD are less accurate in identifying others' thoughts and intentions in a video-based test for mind reading difficulties (Buhlmann, Wacker, & Dziobek, 2015) . These biases in social cognition extend to interpretive biases for threat in social scenarios (Buhlmann et al., 2002; Clerkin & Teachman, 2008) .
However, BDD is also associated with intact abilities, such as decoding complex mental states of others from the eye region based on the Reading the Mind in the Eyes Task (Buhlmann, Winter, & Kathmann, 2013 ). Social cognitive biases in BDD represent an important maintaining factor and treatment target in cognitive behavioral models (Fang & Wilhelm, 2015) . Given the limits of the best available pharmacologic and psychological treatments for BDD (Buhlmann, 2011) , novel treatment strategies targeting social cognitive factors are needed.
Oxytocin is a promising therapeutic agent, as it plays a major role in mediating socioemotional processing in animals and humans (Liu et al., 2015; MacDonald & Feifel, 2013) . Oxytocin is a neuropeptide of nine amino acids that has dual modes of action in the peripheral and central nervous systems, and its receptors are found across diverse brain regions, such as the cortex, limbic areas, basal ganglia, and brainstem (Meyer-Lindenberg, Domes, Kirsch, & Heinrichs, 2011) . Oxytocin can also be released dendritically to reach brain areas involved in higher order cognitive processes (Meyer-Lindenberg et al., 2011) . As individuals with BDD suffer from emotion recognition deficits, interpretive biases, poor insight, and even delusional beliefs (Fang & Wilhelm, 2015) , oxytocin has obvious implications for improving these social cognitive problems in BDD. However, no studies have yet investigated the effects of oxytocin in this population.
Intranasal oxytocin has been shown to improve emotion recognition across many psychiatric populations, from youth with autism (Guastella et al., 2010) to adults with schizophrenia (Averbeck, Bobin, Evans, & Shergill, 2012) , however, findings have been inconsistent, possibly due to heterogeneity in participant characteristics (Leppanen, Ng, Tchanturia, & Treasure, 2017) and administration protocols . Oxytocin may improve emotion recognition in clinical populations by enhancing eye gaze (Andari et al., 2010; Auyeung et al., 2015; Guastella, Mitchell, & Dadds, 2008) . Another possibility is that oxytocin modulates attention toward valence-specific social cues, such as increasing attention toward happy facial expressions (Domes, Steiner, Porges, & Heinrichs, 2013) and shifting attention away from angry and disgust expressions (Domes et al., 2013; Kim et al., 2014; Kim, Eom, Leppanen, Leslie, & Treasure, 2018) . Given oxytocin's effects on socioemotional processes in clinical populations, the goal of this study was to investigate its effects on social cognitive biases in BDD.
Our primary hypothesis was that oxytocin would improve emotion recognition accuracy, internal self-blame attributions, and threat interpretations in participants with BDD compared to healthy controls (HCs).
MATERIALS AND METHODS

Participants
Participants with BDD according to DSM-IV criteria and HC participants were enrolled through advertisements in the institutional online research recruitment tool and local community. BDD participants were additionally enrolled through a specialty BDD outpatient program. Diagnoses of BDD were confirmed using the Structured Clinical Interview for DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 2002) .
The Yale-Brown Obsessive-Compulsive Scale modified for BDD (BDD-YBOCS; Phillips et al., 1997) and Brown Assessment of Beliefs Scale (BABS; Eisen et al., 1998) were administered by a clinically experienced psychologist or doctoral candidate to assess BDD severity and insight, respectively. As (1) estrogen is known to modulate endogenous oxytocin levels, (2) oxytocin levels may differ according to menstrual phase (Salonia et al., 2005) , and (3) we were interested in within-subject effects of oxytocin; we included females only if they were taking low-dose oral contraception, that is,<50 mcg daily dose of ethinyl estradiol. Eligible women attended drug administration visits during the active phase of their contraceptive medication (e.g., not during placebo week). Women using multiphasic contraceptives (n = 4, 31% of females) were on the same dose of ethinyl estradiol for drug administration visits. Exclusion criteria for all participants were as follows: history of nasal pathology (recurrent nosebleeds, hypophysectomy, atrophic rhinitis), smoking ≥15 cigarettes per day, serious medical illnesses (e.g., cardiovascular disease and seizures) or endocrine diseases (e.g., untreated thyroid disease and diabetes), taking systemic steroids or hormones except oral contraception, pregnancy, active suicidal or homicidal ideation, and meeting diagnostic criteria for schizophrenia, psychotic disorder, bipolar disorder, or substance abuse/dependence. HC participants did not have any current psychiatric illness. The study protocol was approved by the Partners Human Research Committee and registered through Clinicaltrials.gov (NCT02671266) 1 . All participants provided written informed consent prior to study procedures.
Procedure
The study consisted of three visits. At visit one, participants were screened for diagnostic and medical eligibility. A study nurse at the Translational Clinical Research Center conducted a history and physical examination to assess medical exclusion criteria. Urine pregnancy tests were given to females at each visit to confirm absence of pregnancy and ensure continued eligibility. Prior to drug administration visits, eligible participants were instructed to avoid alcohol, caffeine, and nicotine for 24 h.
In a randomized, double-blind, placebo-controlled, within-subject, crossover design, two experimental administration visits were conducted, separated by a minimum 1-week washout interval (maximum 28-day interval). Visits began with a study nurse gathering vital signs.
Oxytocin (24 IU) and placebo were self-administered in metered dose spray bottles by the participant. Using a standardized protocol, participants inhaled three sprays per nostril (4 IU oxytocin per spray), which represents the most common dose in single-session experimental studies using intranasal oxytocin in humans (Shahrestani, Kemp, & Guastella, 2013) . The nasal sprays (Syntocinon R nasal spray; Novartis, Basel, Switzerland) and matched placebo sprays (containing the same ingredients minus the active peptide) were purchased from a pharmacy in Switzerland under an Investigational New Drug (IND#124112) application from the Food and Drug Administration. Approximately 20 min after administration, the nurse assessed adverse events using a symptom checklist, and 45 min after administration, participants began the experimental tasks. Those who endorsed adverse events were monitored to ensure symptoms resolved before the visit ended. After completing the experiment, participants reported their drug expectancies (belief in receiving the active drug, degree of certainty, and reasons why). The MGH Research Pharmacy randomized the order of nasal sprays. All study staff, as well as participants themselves, were blind to drug condition.
Emotion recognition task
The Emotion Recognition Task (ERT; Buhlmann et al., 2006 ) is a questionnaire designed to assess emotion recognition accuracy and attributions. Participants viewed 24 facial photographs (Ekman & Friesen, 1975) , each expressing a different emotion (anger, disgust, neutral, or surprise) with each emotion presented six times.
The photographs were drawn from the new facial affect collection (http://www.paulekman.com/). Each photograph was presented within a self-referent scenario ("Imagine this bank teller is looking in your direction") or other-referent scenario ("Imagine this bank teller is looking in your friend's direction"). For each scenario, participants were instructed to identify the emotion (with eight possible response options: neutral, anger, contempt, happiness, surprise, sadness, fear, or disgust) and rate whether the person's emotional expression was caused by the participant or their friend (internal attribution) or by the situation or other reasons (external attribution). Total scores for emotion recognition accuracy ranged from 0 to 24 per condition (self-and other-referent) and 2 to 48 per condition for attribution scores, with higher scores reflecting greater external attributions.
Interpretation questionnaire
The Interpretation Questionnaire (IQ; Buhlmann et al., 2002 ) is a questionnaire that assesses interpretive biases for threat in BDD in 33 ambiguous scenarios (11 BDD related, 11 social related, and 11 general scenarios). Each scenario included a short description ("Two people are whispering and laughing behind you. You cannot hear them.") followed by three possible thoughts: "They are making fun of how I look" (threat interpretation), "They must be in a good mood" (non-threat interpretation), and "They are just having a conversation" (non-threat interpretation). Participants were asked to rate the likelihood of each thought coming to mind on a scale from 0 (very unlikely) to 4 (very likely). Ratings for threat-specific interpretations were summed across scenarios making up each subscale to generate three subscales: BDD threat, social threat, and general threat.
Analytic approach
Primary outcome variables from the ERT and IQ were analyzed by linear mixed models using maximum likelihood estimation. Group (BDD vs. HC), Drug (oxytocin vs. placebo), and Group by Drug were entered as fixed effects, while Visit was a repeated random effect, which accounted for correlated errors between subjects. Primary hypotheses of interest were tested across seven outcomes: ERT accuracy self, ERT accuracy other, ERT attribution self, ERT attribution other, IQ BDD threat, IQ social threat, IQ general threat. Sex and Order were entered as fixed-effect covariates. Models using different variance-covariance structures were evaluated based on -2 Log Likelihood, Akaike's Information Criterion (AIC), and Schwarz's Bayesian Criterion (BIC). Results are reported based on a compound symmetry variance-covariance structure, as it was the simplest model and yielded similar fixed and covariance parameter estimates. We followed-up interaction effects with post hoc single comparisons based on the estimated marginal means. To examine whether participants could correctly guess which days they received oxytocin, we conducted chi-square tests to assess whether participant expectancies of receiving the active drug varied by visit. We also conducted chi-square tests to assess whether frequency of adverse events varied as a function of order for each drug administration visit. All analyses were conducted in SPSS 24.
RESULTS
Participants
Our final sample included 34 participants who completed at least one drug administration session. Out of all 34 participants, only one HC participant (who was randomized to receive oxytocin first) did not attend the second drug administration session. Excluding this participant from the analyses did not change the overall results of the study. A detailed CONSORT flow diagram of participant enrollment is described in Supporting Information. There were 18 participants with BDD (mean age ± SD: 25.4 ± 4.2 years) and 16 HC participants (mean age ± SD: 27.8 ± 10.5 years). Full descriptive statistics of our sample are reported in Table 1 . There was one HC participant who endorsed a history of psychiatric illness (single, 2-week major depressive episode) that had remitted by study entry. No other HC participants endorsed a psychiatric history. Although DSM-IV diagnostic criteria were used during the SCID, all enrolled BDD participants reported multiple pastweek repetitive behaviors during the BDD-YBOCS interview (mean number of repetitive behaviors = 6.33, range = 4-10). Thus, all BDD participants would have met DSM-5 criteria for BDD. Four BDD participants (22%) were taking the following psychotropic medications: wellbutrin and gabapentin (n = 1), adderall (n = 1), lexapro (n = 1), and trazodone (n = 1). There were no group differences on demographic variables (Table 1) .
Emotion recognition accuracy
As demonstrated previously (Buhlmann et al., 2006) , in the placebo condition, individuals with BDD performed slightly worse, compared to HC, on emotion recognition accuracy in self-referent contexts, but not in other-referent contexts; however, these differences were not statistically significant (P's > 0.408) (see Table 2 ). The mixed model revealed a significant Group by Drug interaction in selfreferent accuracy scores, (F(1,33.698) = 7.282, P = 0.011), no effect of Group (F(1,34.364) = 0.059, P = 0.809), and no effect of Drug (F(1,33.698) = 0.001, P = 0.977). Post hoc comparisons revealed no significant differences between BDD and HC within each drug condition, as well as no significant differences between drug conditions within each patient group. In other-referent contexts, there was no Group by Drug interaction (F(1,34.174) = 3.087, P = 0.088), no effect of Group (F(1,34.308) = 3.633, P = 0.065, and no effect of Drug (F(1,34.174) = 0.356, P = 0.554).
Attribution
Consistent with previous work (Buhlmann et al., 2006) , in the placebo condition, individuals with BDD, compared to HC, displayed slightly worse (more internal) attributions in self-referent versus otherreferent contexts; however, these differences were not statistically significant (P's > 0.05) (see Table 2 ). The mixed model revealed no Group by Drug interaction (F(1,25.667) = 1.390, P = 0.249), and no effect of Drug (F(1,25.670) = 2.273, P = 0.144) in the self-referent condition ("Why is this person looking in your direction?"). However, there was an effect of Group (F(1,30.110) = 6.400, P = 0.017), as participants with BDD across both drug conditions made more internal attributions than HC. In the other-referent condition
TA B L E 1 Demographic and clinical data
("Why is this person looking in your friend's direction?"), there was a
Group by Drug interaction (F(1,29.388) = 8.984, P = 0.005), but no effect of Group (F(1,32.743) = 3.593, P = 0.067) and no effect of Drug (F(1,29.419) = 1.018, P = 0.321) (see Figure 1) . Post hoc comparisons showed that oxytocin led BDD participants to make more internal attributions, compared to HC (F(1,39.332) = 7.709, P = 0.008), but there was no group difference in the placebo condition (F(1,40.908) = 0.681, P = 0.414). Among BDD participants, oxytocin led to more internal attributions, compared to placebo (F(1,29.711) = 8.360, P = 0.007), whereas there was no drug effect within HC participants (F(1,29.123) = 1.902, P = 0.178).
Given the effect of oxytocin on attributions in the other-referent condition, we examined whether delusionality explained the (Lakens, 2013) . 
TA B L E 2 Raw means and standard deviations of all outcome measures by drug
Interpretive bias
Consistent with prior research (Buhlmann et al., 2002) , in the placebo condition, those with BDD, compared to HC, displayed greater threat interpretations in BDD threat and social threat scenarios, although those with BDD made more threat interpretations even in the general threat condition (all P's < 0.05) (see Table 2 ). The mixed model revealed no Group by Drug interaction (F(1,29.053) = 0.307, P = 0.584) in BDD threat scenarios, and no effect of Drug (F(1,28.925) = 1.674, P = 0.206). 
Assessment of blind and adverse events
Participants could not distinguish between placebo and oxytocin, as their beliefs about receiving oxytocin (X 2 = 0.130, P = 0.805) and adverse events (P's > 0.05) were reported as frequently on both drug administration visits. All adverse events were mild (78%) or moderate (22%) in severity. The most common adverse events reported across both drug administrations were as follows: feeling drowsy or sleepy (33%), feeling of calmness or euphoria (17%), difficulty sitting still (17%), and headache (15%).
Medications and comorbidities
We repeated the above analyses while controlling for medication use, as well as having a comorbid disorder, which revealed a similar pattern of results. However, for BDD threat interpretive biases, medication status was significantly associated with reduced threat scores (F(1,30.017) = 7.145, P = 0.012). 
DISCUSSION
This is the first study testing the effects of acute exogenous administration of oxytocin in BDD. Importantly, results indicated that oxytocin, compared to placebo, did not improve emotion recognition accuracy in either self-or other-referent contexts for individuals with BDD. However, we found that BDD participants when given oxytocin, relative to placebo, made greater internal attributions in other-referent, but not self-referent contexts, compared to HC. In other words, oxytocin had the unexpected effect of causing greater other-directed blame, and this effect was related to the degree of delusionality. proposes that oxytocin's effects depend on the salience of the social context (Shamay-Tsoory & Abu-Akel, 2016); and the social approach/withdrawal hypothesis proposes that oxytocin increases social approach emotions and behaviors, such as empathy, and inhibits social withdrawal emotions, such as anxiety (Kemp & Guastella, 2011) .
Our emotion recognition accuracy finding is inconsistent with these models, all of which predict that oxytocin would improve emotion recognition accuracy. However, our result may be due an underpowered sample size and lack of significant difference within the placebo condition. Compared to the original Buhlmann et al.'s (2006) study, which found group differences in emotion recognition in the selfreferent condition, our sample was younger and included more males.
Indeed, oxytocin's effects on emotion recognition may be small at best, as demonstrated by a recent meta-analysis that found a negligible overall effect size of oxytocin on recognition of basic emotions in HC (Leppanen et al., 2017) . A study in a related disorder, anorexia nervosa, also showed no effect of oxytocin on emotion recognition (Kim et al., 2015) .
Regarding our attribution result, we found that oxytocin worsens attributions in the BDD group in the other-referent condition, which is inconsistent with the prosocial theory and social salience account.
The prosocial theory predicts that oxytocin would improve attribu- to blame the friend, rather than the situation, for others' emotional expressions (in the same way our data showed they blamed themselves in self-referent contexts regardless of the drug they received). This is consistent with our finding that oxytocin did not correct threat interpretations in BDD, which may indicate that oxytocin cannot correct strong biases in higher order attributions. The explanation that oxytocin facilitated empathy in BDD participants when making attributions is consistent with a study showing that oxytocin improved emotional empathy in response to both positive and negative stimuli (Hurlemann et al., 2010) . Interestingly, our attribution result contrasts with studies demonstrating that intranasal oxytocin reduces positive symptoms in schizophrenia; however, these studies included patients on stable antipsychotic regimes (for a review, see Feifel, Shilling, & MacDonald, 2016) .
It is possible that the effect of oxytocin on other-referent attributions is mediated by its effect on self-or other-referential processing.
Our results align with one study, which demonstrated that oxytocin helped discriminate between own and other faces in a face morphing paradigm in healthy men (Colonnello, Chen, Panksepp, & Heinrichs, 2013 ). This contrasts with another study showing that oxytocin weakened the self-reference effect (Zhao et al., 2016) . Indeed, self-processing may extend to close others, giving rise to the possibility that oxytocin's effects on self-processing could actually impact the perception of others as well (Zhao et al., 2017) . Further research is needed to closely control for "other" categories, and reconcile differences in design and methodology.
Clinically, individuals with BDD are suffering due to perceived flaws in their appearance, and maladaptive beliefs that others are negatively evaluating their appearance. Our results join a body of research suggesting that oxytocin may impair social cognitive maintaining factors of psychopathology in certain clinical populations (Bartz et al., 2011; Tabak et al., 2016) . We found that oxytocin may worsen attributions of others' emotional expressions, which is particularly troubling for exposure exercises during cognitive behavioral therapy (the first line psychological intervention for BDD). Oxytocin may inadvertently exacerbate maladaptive beliefs about others' negative intentions and worsen thinking patterns characteristic of personalization and delusions of reference, which are highly predominant in this population (Phillips, 2004) .
There are some limitations to the present study. Our sample size was relatively small, with very small cell sizes comparing men and women, and replication is needed. This has been noted as a problem in oxytocin research, as individual studies are often underpowered, which may result in diverse and contradictory findings (Walum, Waldman, & Young, 2016) . Despite our small sample size, our within-subject design enhanced statistical power and our findings correspond to large effect sizes. Our study also involved a heterogeneous and relatively young group of individuals with BDD with various comorbidities.
A minority of our BDD participants were also taking psychotropic medications. While this enhances generalizability, future research is needed to determine if the effects of oxytocin on emotion attributions are specific to BDD.
CONCLUSIONS
Consistent with the social approach/withdrawal hypothesis of oxytocin, our study showed that rather than reducing self-blame, oxytocin increased other-directed blame for eliciting emotional expressions in others for people with BDD. We advise against the use of oxytocin in BDD patients and potentially other delusional populations in clinical contexts, which deserves further study. 
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